for polycrystalline silicon thin film solar cells are primarily required to match the thermal expan sion of silicon. Ceramics with the same thermal expansion as silicon were synthesized from zircon , which h as a higher thermal expansion than silicon, cordierite, which has a lower thermal expansion than silicon , and a glass phase. Zircon, SiO2, Al2O3, MgO and CaO were used as raw materials to synthesize these ceram ics. The sintered ceramics had a thermal expansion matching that of silicon and contained no alkali metal oxides. The surface of the sintered bodies was self-glazed using one of the formulations .
Introduction
1573K was foamed at the surface while at 1623K it melted and adhered to an alumina sager. This means that the sinter ing temperatures at 1573K and higher are too high to sinter this composite. As shown in Table 1 , exclusive of ignition loss, CZ-29 contained 3.3 mass% alkali metal oxides. This composition affects sintering conditions and thermal expan sion. Thermal expansion of CZ-29, silicon and cordierite are shown in Fig. 2 . The thermal expansion of CZ-29 was matched to that of silicon, and mass analysis of crystals and glass phase in the sintered CZ-29 was carried out. From XRD results, zircon and cordierite crystals were identified in the CZ-29 body sintered at 1523K. Zircon and cordierite mixtures were pre pared in the ratios of 10/90 to 90/10 in increments of 10 mass% to produce a calibration curve of the ratio of peak in tensities as a function of cordierite content. These mixtures of zircon and cordierite were analyzed by XRD. The sums of peak intensities at (101), (200), (112), (301) for zircon and at (112), (132), (222), (241) for cordierite were used to calculate the ratio of peak intensities of cordierite. The calibration curve is shown in Fig. 3 . The ratios of zircon to cordierite at each sintering temperature were identified from the curve. The ratios for CZ-29 are shown in Fig. 4 . Cordierite already was synthesized at 1473K and re-melted Zircon-Cordierite Ceramics with a Thermal Expansion Matching That of Silicon to the glass phase at 1623K and above .
Assuming that all ZrO2 in Table 1 is comprised of zircon , zircon content in the composite is estimated at 32.6 mass% . Cordierite content in the sintered composite at 1523K is cal culated as 15.2 mass% using the calibration curve . Thus, the glass content is the remaining 52 .2 mass%.
According to the chemical compositions in Table 1 3.2 Synthesis of zircon-cordierite ceramics excluding alkali metal oxides-Part 1 Bulk density and water absorption of the composites sin tered at 1573 to 1673K as a function of zircon content are shown in Fig. 5 (A) and (B) . As the zircon content in creased, the true density of the composite increased . Thus, the bulk density also increased with increasing zircon con tent and sintering temperature as shown in Fig. 5 (A) . When the zircon content was 45 mass% and higher , owever, open pores existed in the body even after sintering at 1623K as shown in Fig. 5 (B) . Cordierite melted at 1623K, as shown in Fig. 4 , thus its zircon content should be formulated below 45 mass%. The bulk density of the material with 30 mass% zircon content sintered at 1573K , which was a similar zircon content to CZ-29 , 2.97g/cm3 compared to 2.27g/cm3 for CZ-29 ( 3.3 Synthesis of zircon-cordierite ceramics excluding alkali metal oxides-Part 2 Temperature dependencies of peak intensity in XRD and shrinkage are shown in Fig . 7 . As sources of A1203, New Zealand kaolin shown as (K) and A-21 shown as (A) in the figure were used. Both had 30 mass% zircon content . For (A), the specimen had already started to shrink at 1448K and completed shrinking at 1523K . The bulk density was maximized at 1523K and no open pores existed in the speci men. On the other hand, shrinkage of (K) started at 1550K , which was about 70 to 80K higher than the temperature for (A), and was rapidly completed. The bulk density of (K) was maximized at 1600K and the water absorption simul taneously became 0%. In both cases, silica sand in the com posites melted gradually and dissolved at around 1600K. Kaolin in the composite of (K) was dissolved at 1423K and lower, and cordierite started to be synthesized gradually from 1448K. However, significant shrinkage of (K) had been observed around 1548K. As mentioned previously , shrinkage of (A) started around 1473K and, after sig nificant shrinking, cordierite was synthesized in the body. It was concluded that shrinkage of the body and synthesis of cordierite depended on the content and the composition of the glass phase generated during sintering. In the case of (K), cordierite content gradually increased as the glass con tent increased at 1448K and above. Namely, sufficient glass content to shrink was not generated even at 1548K because of the synthesis of cordierite at lower temperatures . (3) In these composites, the type of the raw materials and the average particle size affect the shrinkage of the com posites and the synthesis of crystals, so that quality control of raw materials is very important to obtain the specific properties desired.
(4) A self-glazing is obtained when cordierite is synthe sized after the glass phase is generated during sintering.
